Abstract
Introduction
This case study seeks to understand the relative efficacy of two classes of policies intended to increase the ridership and productivity of public transit service. One class of policies seeks to improve transit effectiveness by freezing transit service in the older parts of metropolitan areas. It is thought that higher densities of population and employment and the presence of pedestrian amenities in older areas induce higher levels of transit demand. Policy should attempt to direct population and employment growth to such areas, particularly around transit stops. The other class of policies seeks to connect employment and population, wherever it locates, as directly as possible by transit routes. The thrust of transit development of this second category of policies is in the newer rather than older parts of metropolitan areas, because it is in the newer areas that most population and employment growth is located.
The analysis contrasts transit development objectives and transit performance in Broward County, Florida, with those in Tarrant County, Texas. Transit development policy in the two counties is comparable, because both counties are similar in population size and growth rates, and both are situated similarly in their respective metropolitan areas, which are Miami and Dallas-Ft. Worth. Their transit systems also are both the second largest in their respective metropolitan areas. They differ primarily in the fact that Tarrant County contains a traditional CBD, and transit is organized around it. Employment in other parts of the county, which are much newer, is overlooked as a transit destination. Transit in Broward County serves all employment. Broward County lacks a CBD and is one vast suburb that developed during the auto era. Transit development objectives in Broward County generally reflect the second category of policies; those in Tarrant County generally reflect the former.
The Debate Over How Transit Should be Organized
The conventional wisdom is that transit works best when it focuses on serving the CBD commute market (Ferreri 1992 , Meyer and Gomez-Ibanez 1981 , Pisarski 1996 , Taylor 1991 . One researcher found that CBD employment is an important predictor of transit patronage (Hendrickson 1986) ; another found that employment decentralization explained transit patronage decline (Gomez-Ibanez 1996) . The implication is that transit agencies should structure their service to feed the CBD and provide high quality service to that destination, because, as the literature would suggest, that is where riders wish to travel. An agency decision to serve other destinations, particularly those dispersed throughout the suburbs, is criticized for being an inefficient use of public subsidy (Taylor 1991) and for resulting in low service productivity (Ferreri 1992, Meyer and Gomez-Ibanez 1981) .
A problem with all of these studies is that they did not examine the results of transit systems that explicitly attempted to serve suburban employment. Their approach was to track the patronage of CBD-centered transit systems that sent routes ever-farther into the suburbs in attempts to lure passengers to jobs in the CBD. Brown and Thompson (2008) , however, found that extension of coordinated rail/bus transit service to jobs in suburban Atlanta resulted in patronage growth, whereas growth of jobs in other parts of Atlanta not served by transit resulted in patronage decline. Controlling for numerous variables in a cros-sectional study of transit patronage in the U.S., Brown and Neog (2007) found that CBD employment had no effect on patronage growth. This study joins the debate by explicitly comparing transit performance in two regions. In one, serving CBD employment is the major objective of transit policy. In the other, serving all employment is the major objective of transit policy.
The Settings
Broward County, Florida, served by Broward County Transit (BCT), lies immediately north of Miami-Dade County, in which lies the city of Miami. Tarrant County, Texas, served by The T, lies immediately west of Dallas County, home to the city of Dallas. Broward and Tarrant counties have similarly-sized populations that have grown at comparable rates (see Figure 1 ). They differ in one important way, however: Tarrant County contains a large, traditional central business district (downtown Ft. Worth) that emerged in the late 19th century. An electric streetcar system and an electric interurban line running between Ft. Worth and Dallas evolved in symbiosis with downtown Ft. Worth. Broward County has no traditional central business district of the magnitude of Ft. Worth. It does have small downtowns (the largest of which is Ft. Lauderdale) that grew around stations on the Florida East Coast Railroad that linked Miami to Jacksonville in the 1890s, running near the coast, but well into the 20th century, Miami remained as the only traditional central business district of the region.
BCT and The T are the second largest transit systems in their respective metropolitan areas. Both are the primary transit providers in the counties they serve, and they connect with transit systems in other counties. BCT buses enter northern MiamiDade County where they connect with Miami-Dade Transit (MDT) buses (see Map 1). They also connect with Palm Tran buses in southern Palm Beach County. About half of BCT bus routes also cross tracks of Tri-Rail. Tri-Rail, operated by the South Florida Regional Transportation Authority, is a suburban passenger service using tracks on the old Seaboard Air Line Railroad, five or six miles inland of the Florida East Coast Railroad. Tri-Rail trains connect Miami to West Palm Beach, stopping at seven stations within Broward County. Tri-Rail currently runs trains hourly in both directions during the week day. These are supplemented by additional trains during peak periods. Service is every two hours on weekends. During early 2008, Tri-Rail boarded about 14,000 passengers per day, with a little more than a third of those boarding at Broward County stations. While the Broward County train boardings are substantial, there is virtually no transfer activity between BCT buses and Tri-Rail trains. Tri-Rail passengers wishing to board BCT buses pay 50 cents to do so, less than half the normal bus fare of $1.25 (as of October 2007); BCT passengers wishing to transfer to Tri-Rail trains pay the full Tri-Rail fare (which is zoned depending upon distance traveled) but get to board BCT for free. Transfers between BCT buses are free. Because of the absence of bus-rail transfer activity, this study focuses on Broward County buses. The T is more insulated from other bus systems in its metropolitan area (see Map 2), but it is somewhat better integrated with commuter rail service, known as Trinity Railway Express (TRE There is some amount of transfer activity between The T buses and TRE trains, but not much. TRE serves few trips within Tarrant County, so this study focuses on The T.
Map 2. The T Adjacent to Dallas Area Rapid Transit and Trinity Rail Express Transit Development in Broward County
Prior to public involvement in the provision of transit service in Broward County, two private operators offered service in the county. One ran several routes focused on the Ft. Lauderdale downtown; the other ran several routes focused on the Hollywood downtown. Our agency contact person characterized both systems as having skeletal, circuitous routes with hourly headways. He called them "spaghetti networks" that attempted to go "where the riders are"-that is, routes wandered through neighborhoods where riders lived. On the other end, routes served the beaches and were designed to carry domestic employees who worked in condos. Our agency contact person further characterized the systems as "unreliable and inefficient."
BCT was organized to take over the two private systems in the mid-1970s. Originally, it was a division in the Broward County Office of Transportation but later was moved to Broward County Community Services, reflecting a vision of transit as being a social service. Sometime later, BCT was moved back to the Office of Transportation, where it remains today. At first, BCT expanded upon the route structure that already was in place. One improvement was the creation of an overlay of express bus routes that ran from various parts of the county to downtown Ft. Lauderdale and to Miami International Airport.
Our agency contact person, who joined the system as that time as a bus driver, said that the system carried few riders. Even the modest ridership that the express lines initially attracted dwindled from year to year. Low ridership on all of its services prompted BCT management to reflect upon how it might do things differently. Service to Miami International Airport was suspended when Eastern Airlines shut down. The director of the system at the time, Houston Miller, determined that the system needed to be gridded, but that it should be changed over incrementally. The process began in 1980 with Operation Changeover. Base headways were reduced from 60 to 30 minutes on what were termed "mainline routes." Headways were shortened due to recognition that a grid would require many passengers to transfer to complete their trips; hourly headways were felt to be too long for passengers to wait at transfer points.
The gridding of the system happened over a period of 10 to 15 years, beginning in 1980. For many years, some routes still had deviations to serve destinations such as condo complexes. All express routes were gone by the late 1980s. Our agency contact person said that BCT formed its routing decisions with studies by the USF Center for Urban Transportation Research (CUTR) and the National Transit Institute (NTI) that compared BCT to other transit agencies. BCT also used common sense. Broward County has a grid pattern for its arterial roads, so the move to grid transit network seemed logical. Our agency contact person also reported that BCT received positive feedback from its early route straightening that gave it confidence to continue with the process. After BCT did so, they experienced increased ridership. Population growth also was pointed to as a factor influencing steady increase in ridership from 13 million trips in 1984 to around 40 million today.
The busiest bus service today operates on U.S. 441, a high-speed, heavily trafficked multi-lane arterial highway that runs through the middle of the built-up part of the county in a north-south orientation. Two routes operate on this road from one end of the county to the other. Route 18 provides local service on 15-minute headways. "The Breeze" provides limited stop service, stopping every mile or so to interchange passengers with buses on busy east-west routes. Loads are heavy, and BCT uses articulated buses to handle them. The U.S. 441 routes serve no downtown but do serve numerous strip malls, regular malls, and big box stores. Apartment complexes generally are only one to two blocks away on either side. On the south end, the U.S. 441 routes connect with MDT buses. The Breeze picks up 10 to 15 passengers per trip at this point, some of whom are transferees from MDT buses.
When BCT eliminated route deviations by pulling buses out of neighborhoods and putting them on arterial roads, it met some political resistance from users who did not want to walk farther to reach a bus stop. The political solution to this problem was the designation of some transit operating funds to support community circu-lators, small buses that wander through neighborhoods, taking residents to nearby destinations and to stops on the mainline BCT routes. There are many local governments within Broward County, and evidently the local governments determine how to run the circulators in their jurisdictions. Our agency contact person stated that almost all of the patronage growth for BCT has been on the mainline routes on the arterial roads.
The left panel of Map 3 shows BCT's route structure in 2006 in relation to employment density in the county. The dispersal of employment sites throughout the county is readily apparent. All employment sites have gridded transit routes passing them. Residents living in most parts of the county can reach employment wherever it is located by using buses running in straight lines along arterial roads.
Map 3. BCT Serves Many Destinations; The T Serves One Destination Well Transit Development in Tarrant County
The dominance of the Ft. Worth central business district over a long period of time and differences in funding mechanisms for transit between Texas and Florida have influenced The T to evolve very differently than Broward County Transit. Streetcar lines and the Ft. Worth CBD grew hand-in-hand during the early 20th century, with streetcars extending out to suburbs from the CBD in the classic radial pattern. Through the transition from streetcar to bus and to the present day, this pattern of organizing transit routes has not changed (although it has been added to), even though employment and residents have decentralized throughout the region since auto ownership began rising rapidly after World War I.
Finance also affects the pattern of transit development in Florida and Texas. As a County department, BCT receives subsidies from the County in sufficient magnitude to allow it to serve all of those parts of the county that are urbanized. The Florida Department of Transportation (FDOT) also provides some transit operating support through its gas tax. Financing is more difficult for The T and restricts the territory that it can serve. There is no state operating support for transit in Texas, where local sales tax revenues provide the primary source of subsidy for transit operating deficits. Texas transit systems must appeal to individual communities for sales tax revenues, but Texas law imposes a sales tax cap on communities of 8.25 percent. Many communities already were at the limit before transit agencies approached them for funding. If a community chooses not to provide sales tax funding for transit, it gets no service. Because The T historically served the city of Ft. Worth and was a City department before becoming an authority in 1983, it receives tax support from the City (population today of about 700,000). At the time it became an authority, it received a dedicated ¼-cent sales tax from the City to support transit. The T also receives support from the City of Richland (population 7,000). The City of Arlington (population 300,000), in contrast, does not provide sales tax funding to either The T or to DART; Arlington thus receives no transit service. Unfortunately, some of the largest employment concentrations and most rapid employment growth in Tarrant County are in Arlington. Thus, The T does not serve significant parts of the urbanized areas in Tarrant County.
The T's route structure today is largely radial in nature. The two most heavily-traveled routes operate in straight lines on arterial roads from one side of the city to the other, one north-south and the other east-west. These operate every 15 minutes during weekdays. The two routes intersect in the CBD at the Intermodal Transportation Center, where TRE also stops. Schedules are coordinated so that passengers may transfer in both directions between the two routes and with Trinity Rail trains. The outer ends of these routes serve transit centers from which community circulator routes fan. Again, connections are coordinated. Other routes wind through neighborhoods not served by the first two routes on their way to the CBD. Some operate every 30 minutes; others operate hourly. A major route was implemented relatively recently and operates on arterial roads as it connects transit centers on the east, south, and west ends of the city. This belt route, which operates every 30 minutes, does not serve the CBD but does serve malls. It is the third most-heavily patronized of The T's routes, and its patronage has been growing briskly. During peak hours, seven express buses operate from outer neighborhoods and transit centers to the CBD. Most express routes consist of a handful of trips in the peak direction during the peak hours. In addition to regular route services, The T operates vans during shift changes between some major employment centers (particularly in the north) and transit centers.
The right panel of Map 3 shows The T's route structure in 2006 in relationship to the distribution of employment in Tarrant County. Although Ft. Worth is a central business district, employment is widely scattered throughout the county. While radial routes of The T pass by many of the suburban centers, residents in many parts of Tarrant County cannot reach the jobs without first traveling out of direction to the CBD transfer center, transferring, and then riding back out into the suburbs in another direction. There also are major job concentrations that routes of The T do not serve at all. Those in Arlington are along the eastern border of Tarrant County.
Comparative Transit Performance
Operating statistics for both systems showing performance from 1984 through 2006 and are summarized in Table 1 . BCT has been more generously funded than The T, and this is apparent in Table 1 in the amount of service provided, measured as revenue miles. A revenue mile is a bus running one mile in revenue service. In 1984, BCT operated slightly more than twice the revenue miles that The T operated. By 2006, BCT operated almost four times as many revenue miles as The T.
Often times, a system that provides much more service than another will be less productive, because it has saturated the market. This is not the case of BCT compared to The T. Service productivity measures the average number of passengers on board the bus at any given time. For much of the period, BCT buses were 1.5 times to 2 times as full as The T buses, although productivity for The T increased rapidly in 2005 and 2006, greatly narrowing the gap. 1 Figure 2 visually shows the productivity trends. We suspect that the greater productivity of BCT buses arises from the wider array of destinations that they serve relatively well.
As a consequence of offering four times as much service combined with the greater productivity of each mile of service, BCT penetrates the travel market in its area to a much greater extent than does The T. We denote the penetration of the travel market as riding habit, a term that the U.S. transit industry once used to this purpose. Historically, the transit industry defined riding habit as revenue passengers divided by population served. The industry no longer collects the statistic of revenue passengers (it is now calls linked trips), so we define the term as revenue passenger miles divided by population served. We also define the population served as that in the county. Even if the transit system does not serve all of the county, residents that it does serve want to reach destinations throughout the county, so county population is a fair measure. On that basis, we see in Figure 3 that riding habit now is nearly five times greater in Broward County than it is in Tarrant County. We also see in Figure 4 that because of its greater productivity, BCT spends significantly less to move a passenger one mile than does The T.
To gain additional insight into the relative performance of the two transit systems, we examined in Table 2 the performance of their various categories of services. At the time we collected data, BCT distinguished only two categories of service: the gridded fixed-bus routes operating on arterial roads and community bus services circulating through neighborhoods. The top panel of Table 5 shows that the fixed routes are far more productive than are the community routes while accounting for about 15 times more patronage than the community services. Moreover, our agency contact person for BCT stated that all of the patronage growth for the system has been accounted for by the gridded mainline routes on arterial roads. The T operates a wider array of services. Our examination of the performance of individual routes shows only three routes with heavy patronage. The well-performing routes include the east-west and north-south routes that intersection in the CBD and the belt line that connects the east and south suburban transit centers with suburban destinations while intersecting with all routes operating to the CBD from the east, south, and west. These three routes account for just more than 50 percent of the patronage of the fixed-route system in FY 2008. Other radial routes, crosstown routes, circulator routes, and express routes have much lower patronage. The seven express routes contributed only 2.7 percent of system patronage. 
Conclusions
According to much of the literature, Tarrant County offers a better built environment to support greater transit demand than does Broward County. Tarrant County has a traditional central business district and surrounding inner suburbs whose form took shape when streetcars were the dominant urban transport mode. While most of Tarrant County's growth took place after the automobile became the dominant form of transportation, there exists in Tarrant County a core whose land uses were shaped around transit and that presumably today offers a hospitable environment in which transit can prosper. Planners for The T have taken advantage of this situation and have continued to focus transit routes as connectors between suburban residences and CBD jobs. They further have enhanced transit service by overlaying a network of express buses between outlying neighborhoods and the CBD during week day peak travel periods.
In contrast, no such central business district existed in Broward County, which consisted during the pre-auto era of very small towns strung out along a railroad line. The urban form of Broward County began to take shape later, long after the private automobile was the dominant form of urban transportation. No central business district then emerged. Instead, employment as it grew in Broward County scattered about the county. Private transit service that survived into the 1970s connected residential areas with the small downtown of Ft. Lauderdale, but the private service attracted few riders, prompting planners to think of another way of serving the market when the county took over the service.
So, based on urban form, we would expect transit to perform much better in Tarrant County than in Broward. And yet, just the opposite has transpired. Transit in Broward County carries almost 400 percent more ridership per capita than does transit in Tarrant County, while each bus mile operated in Broward County carries about 35 percent more passengers.
Part of the explanation for this unexpected result derives from organization and funding. As a county-wide agency, Broward County Transit is compelled to think of ways of serving the entire county, not just the small downtowns. The T, in con-trast, has its organization roots in the city of Ft. Worth, and other jurisdictions in the county do not want to pay for service provided by The T. Consequently, The T thinks of its market much differently than BCT.
We think that it is the difference in thinking that accounts for the rest of the difference in performance between the two systems. Large areas of employment in Tarrant County remain un-served by transit, and much of the suburban employment that is served is done so ineffectively because of circuitous routing. The T serves the Ft. Worth CBD well but other possible destinations less well. In contrast, BCT with its grid route structure on major arterial roads serves most destinations tolerably directly. This contrast suggests that how a transit system uses its route structure to connect origins and destinations is more important to developing ridership than is the design of the origins and destinations.
This is not to say that policies for concentrating development around stops at both the origin and destination of transit trips would not boost transit ridership. Making the walk to transit shorter and more attractive without sacrificing route speeds or headways to accomplish the shorter walks undoubtedly would increase ridership markedly. One way for shortening walks is through transit oriented development (TOD). Over time, if the large-scale application of TODs can accommodate population and employment growth in smaller urban regions than otherwise would be the case, transit ridership would increase substantially. But, currently, transit systems can increase ridership substantially by restructuring routes to make more of the region's employment accessible by transit.
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